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Abstract Of JP 2001052316 (A) 

PROBLEM TO BE SOLVED: To provide a 
magnetoresistance effect head, which is made easily 
and in which a sense current does not bypass a 
barrier layer, to provide its manufacturing method 
and a magnetic recording apparatus which uses the 
magnetoresistance effect head. SOLUTION: This 
magnetoresistance effect head uses an MTJ film, 
which is composed fundamentally of a free layer 2, a 
barrier layer 3, a fixation layer 4 and a layer 5, to be 
fixed. An oxide layer and a nitride layer 1 which are 
obtained by oxidizing or nitrifying a metal material, 
which constitutes the fixation layer 4 and the layer 5 
to be fixed are formed on. Thereby, it is possible to 
obtain magnetoresistance effect head, in which the 
noise of a reproducing waveform is small, as 
compared with conventional cases and in which the 
S/N ratio and the bit error rate are satisfactory.; In 
addition, a magnetic recording and reproducing 
apparatus and a magnetic recording apparatus, 
which are of high performance, can be obtained by 
using the magnetoresistance effect head. 
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[11*114] 7V-mt.zcDyu-m±izms&^ti 

[11*115] Huia-^JKWWJd:. llSt-SiiT-$)€>>r 

t i:mmt-tumm4i,zmm(^MM&m}^'^-y v. 
[11*116 ] t zcorim±izms&^tLfzy 

U-mbClcr,yV -Ji±lc?^^Sfi:t^N' U Til i: <I co^^ 

at ;c7)iii®i±tcji^^§^x3t^\'y rs^: N'y rs 

m^mii yo-mt^<7)yv-m±izm^^tL 

fz^<^v Tmt:icr)^<o Tm±i^z]fM^fifzmMmt 
m'^±->izm^^fitzmiE.-t^mh^<nm&-thm±.i^z 

V y r Jl t ^ \- y Til± t ?fm§ tiJt y y -il tic?) 
^mm, b -thmm.^ v y:^^fv^m^m\^fm^mm 



[ff*3i8] ^m.^vyA-^imi^mj^^-y^m 

4. t < \m.imif^^-th i i: t t-'Sii^ifJi 1 - 

1 cr)\\^jxt^zimLcnm%msm^'^-y v. 

[ w*iR 9 ] mm h y - yffigPis 

t t--i.tf*3i 1 '-'Scr)\^-tfLmztm(m^mm^^ 

{.mm. 1 0 ] mmt v y^-^ivm-^m^^^-y^ 

iii.xfmm\>z^ mm&vy^-^jvm^m^mm-h^mM 

msm 1 ~ 9 c7)i, ^~ftLMznmcDmms.tm^^ y v . 
[ff^raii] m^±izmm^titiT=y~)]^¥m 

t . 

'j'-tcK t h—m-f}^Ti^~fi'¥mco±mi>zmm,^tLS>t^T 

Tmmm±.izms&^ti^-<^-yitiz2: oxr- ■ ^ry 
y^mm-h^(:>^xr>—f\^¥mj: ^ i^ms-^^^^-t^m 

J-^ATxmb. 

7 y -s t i c7)7 y ~m±.^zm^^titz^^ urmb:icr, 
y'^v Tm^i^zmfiZ^rLfzmT^mb zcomMm±izfm^ 
tifzm'^-thm. tL<{±, mi&^^mb^com^-tt 
m±izwm^tifzm^mb:icom^m±i,zwm^rifzy-< 

y TM bzco^^ y Tm±i,zjfm^irtz y y — coop, 
(r>\^-rti-/}^i:m^mfS. tt. yu -mc^yyt^: < 1 1 -sp 

t , 

m^-thm}Lt.zmm.^ix. '>-^j:<bij~mt^m.mhh\^ 

u^mm ^irLx m&-th mt,zmLx\-^h immm b . 
'jf^j:<bh-mifi±Mxm<r)±.mzm^^tih-fy\ Jim 
mmbmm^ixfz±.i^-)V¥t-^t£^ ^ b ^mwLb^i 

WM&tm^^-y ¥lzti\^X. 
y^^-yit^ivtzmm h y ^vPff^Mffigp ^ L < l±m 

iitc5fi?itt h y^^/i-m^^^mi^-t^^mMncomii: 
mi^ L<i±m.msti-^^i>^bimmb^6m^t)i 

umm 1 2 ] m^^izmm^tifzTi^-ji- fm 

b. 

'}'-t£< b h-mfYi^~)V¥m<r>i.mzm^^t\-ht)K 

yi^~)V¥mbmWi^fd-zymM.mb. 
T«ffi«±^cffM$i^^^°:^'-y^t^;:J: Dxr- • ^ry 

7 y -Ji t i o 7 y - jB±t^?gB!t § Kfz f > y r iB t i o 
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m'S.-thm±.\>zmm.^ri. {}^-^£<hh-mm'&-thm 
{zw^hh^^\iU.mm'ki\-i^x^Lx\^h±.wmh. 

y r M i: ^ ^" y r Ji±t::?^f£ $ ti^^c 7 y -ii . t?3 a ^ 

'j'~-t^< bh-mi}^y'}-m<^zmxhh\^^mwiiirh 
xi^hx±.mzim.Lx\^h±MMmh . 

i3t t < \tmmiifi^^^h z b tmwLb-t^m(.m}L 

b. 

y^mbmm^titiTmmmb . 
y y -Jii: c:<7)7 v—m±(zmfS.^titz^-^v rmt :icr, 
Tm±^znm&tifzWi^mbz<DWi^m±^znm^ 

m^iznm^tLfzm^m b z <^m^±izjfm^tifz^^ 
y rmbzc^^-^v Tm±i>zm^^n.fzy y -s. (^oh 



r- ■ y y^'^HfSJ^^^^MJt y y -Jiofi>irF«ffi 

-mtpy y -wwgLx^^sffiSJi t . 

i}^y ')~m\z^LX±Mi>zm:LX\^hmJU TXM 

i!'^^r< b h~w>ifm^u Txm^zmLx±.m\,zim.Lx 

K-^tlMMMb^ 

'M^j:<b%>-Utfi±M^cr)±.mzm^^tihi)\ ±M 

mmbmm^fitz±.^-)vvi}-ht£hzbimmb^h 

^'^'^-yit^Kfz^m.^Yy^jvm-^mm^i^ L<i±m 

Htc5Sffitt h y^-^)vm-^m=F^mm-h-^mMm(^mi\L 

mm 15] 7 y -e h ^ £7)7 y -Ji±{:ff^)j!c§ 

t < {± , ESJi t ^oii7g;i±tcff:5BK § tifz J ^ y rm b 

^mi-b vxm^-^fzm\^tzmmmm^^y y^zh^-^ 

X. 

b y^^)vm-^m^f^9~yitLtzmz. m^u^ 
mit. h L < im-it-t^ z. b i!^mb^:hm^imM 

I tmm 16 3 yv-mbzcoyo -m±izmm,^ 
imbzcri@jS.-t^m±.i,zm!S.^itfzm^mbZ(7)mjs. 

m±izfm^tifzy^>J TMbZcoy^V Tm±l,zjfm^ix 
tzyu-m. cr,oibco\,^-ttii!}-^m^^b-t:hmm& 

h y^-jt^i^^^m^m^mimmm^b Lxm^^tzmm^ 

tmW:'^'yVizm^X, 

^t^:mM&mmm^^mm-^mc^M'PX'±iibxii 

■t^Zb ^mkb^^m^MSm^^^v KtoMSt^ra. 

[ If *iR 1 7 ] m^mh h \ ^\ijmMmmmT^ 

oh. '^^~yitmM^X-±is^^:,tiX\^^WMcO'p-^< 

b i^mmm^ smmitizx ^mit^^ z b ^^mb^h 
mmm 1 5 xummm 1 6 iz^<7)mMMMm^^ -y v 

0%. ^^'^-y-^ifi^f^X'±hbi^ilX\-^hm.m<r>{i'-^j:< 

b hmmmiryx-^miti^ i<\i.y'yX'7mitti>z 

b b , mm% 1 5 XJiltsR^g 1 6 tlBtftc^a 

[itsRJi 1 9 ] mim 1 - 1 4 cr)\, ^-r^x*Hcf eKco 
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mmMtm^^y r^^\mm^mi 5-1 sov^-m 

^ fix. /^mMIBI* i' X T- . 
[000 1] 

[0002] 

[|^*coSftJ] SSMffiK-fey^f (liilT, 

^MR-fey^;^J b\^d) t-fz^i"^-/ Y bmifi^mmm. 
mx-m.'&mmi^ x - 9 ^mTrnti h^ibti^ht^-^x^-^ 
^(m.^b^^cm%^b y.xo:>mLmYAi\\^xmm-m 

fi. D.A. hATyy (Th omp s o n ) ^tOt& 
;S;"Memory, storage, and Related Applications" IEEE T 
rans. on Mag. MAG-ll.p. 1039 (1975)tCiatt§fl.T 

Vi|>, AMR«!)mSrffll^7tmM-^'y .'<,)\.^ r\-^ 

^yjA x^^LhtzmzMf'^A ^ Epja-ri> ^ b if 

^\^ff. ^<^Mf<-ATXmmfAbLX. FeMn. N 

[0003] tc«3fi-C'« . agSM-fe y^co&mt 
im. im^^i\-^hm\tmmx-<DmMm'^-(r)x t> 
m/^mzim^^m^mx'<7yx\:^y^ 
'&mi^z'm^fih . i y)wm^£mmMmmmm^fi 
xv^:h. ^<?mmmnmi . ^ u^mMmm^} ^ 

•9. AMRS!)II^Wffl-rs-fe>"^fr-«^$tLS j; 
^^>6>K#SiX, ffiK^-ft:i&i>^^V^o >I<7)a<7)MR-fe> 



mtx^it-t^. 

[0 0 04] 1 9 88^6Ht;«it*±5I$il-CV^|># 

- 6 1 5 7 2Ui^ m\miHcnm^t<r>^w-nmn 

CcioT^tS. iSi^MR^-ftSriitJb-rWiiKttWjS 

±Mmmmizi±^m.^(^mw^mmj^^^*mf^tix 
ttz. fpmmi.zj:'o^mLx\^^{i'-^^<bh2m 
co^m^mc^-yfizm^-t^^m^mutfzmm. t^jzt/ 

m^-thMb LT F e M n jS^jg^ffe ^ >! i: ^<m^^tl 
[0 0 0 5] 1 990^8^2 2 0tm]K§:ixTV^§, 

# W¥4 - 1 0 3 0 1 4 izi±. MmRizm<7)'^mm^ 

wxLx^mmb Lfz^m^i h y^^MM-^miza^-^x . 
'y^j:< bh-mc^mmmizKm.m\tm^h<7vu rx 
m^ti^ma ^fix\-^hz.b^mw.b^h ^m'&. h y 

mmrs-{ Txmw-y ')-m^zmmL^J:vm^mziiv^ 
X. mm.^hy^-)vm^m:^mm-h±mmf-\mv<^n 

mti^^zi. OJg^S-ti-JtMfc-^v^TJi:. 1 9 9 S^^l 
1^270 tcffi5tft±5ISaTV^^ . 10-16 
2 3 2 TtCiaKg*^"?)'^^ 
[0006] 

iwummLX 0 b fsiss] 3i®ffi n y^^)vm^m 
^m^^fzi^-ivYmmmsmmnTb lx{±. r)Vi 
-?-#<7)ffi»«f4^fflv -^x . m^^^ Txmt^^w&L vy^- 

\^fz (AmW-l 0-1 62321) . itlJi:. ^Stth 
AIMS: b >^^-;Wf-^g|5(cSa:tcM-tie:-W:i;^S) ^ . ^^(n 

xb°yv^';^r^fflv^Jt s^-zt- Ym.m'^bmM Ltzw&x- 

fz^w& V y^^M^^m^mz^ ^ ^zm^{z j; D r;^ 5 

m^>^9-yit-thmi>zmmLfz±mtiK ^w&. h y^- 
Mi^^m^ mmthm<^ o ■hx-txf.z^^^- yit^tix 
uhmTm^^tsm(r>mm.\,zmnmL. m^btxm 

¥imm^nKi. uKiwm^i^zm^-t^b^^dmmtfh 

[00 07 ] if.wmm'^it. {wmWbXLfi-h'^y 
xmrnf'"^^) rm^'-^^'-^x-th ^ iio^cv^, mmffiK 
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[0008] 

tt b > ^^MS'^m^mss.-r h ^wMmcnm^m u < « 

[0009] fl5l<JI2 tCiEK<7)^BJ{i:. ff^If 1 IzMM 

mmt. n^mi i,ziimcom^m}Sc'^-y vx-h-^ 
X . mm^mmMi. m&mxh^z b^mmt^6. 

[0010] lt*iI4 i,ztmc^mMii. yu~mt zcr, 

y u ~m±t,zm^ § fitz^ y TS t i <5o^ s- y Tm±.t,zm 
^^fifzm^t zc^m^m±^zmfs.^ti.fzmm-t^^ 
m. tt<«i, m^-t^mtcza)m&-t^m±iznm^ 
tLfzm^mtzc7M^m±izjB!&^tifz-'^v Tmtz<^ 
rm±i,zm^^titiy V ~m. <r>o ^<r)\^^ix-h-^ 

mz. b >'^;PK^Il^«^-r #«TO^^-fi^ 
[0011] li*ifl5(c|Etfe^^^Bj^{i.- lt*iH4tc|Btft 

[0012] Ii*ll6 T*«^; .r 

mm±i,zmm$tirz yu-mtz<^yv ~m±i>zmm^ 

com^m±.i,zmm^iitzm^-t^m. i>L<it. nm 

t z cr)-Tmm±iz]fm^titzm^-tim t z toisis-r-?. 
m±.izjfm^tifzm^mtz (^mMm±.izmf&^tifz^^ 

UTmbZcr,^^VTm±l>zm^^tLf:iyO~m. cooib 

L < nm.'fmifi^-th z t ^mLh^^ . 
[0013] imm7 ^zim^Mmi±. yv-mtz<^ 
y y -m±izjfm^tifz^^v rmt zco^-^^j rm^i^zm 
^^ittzmmmt z(7)m^±^zmf&^ftrzm^^hm 
b z com&-r?>m±izmm^ tLtz^mm . t l < . ni 
^-t^mb zcom7£.-t^m±.t>zm!&^titzmmmb zcr, 
m&m±.\,zm^ $ ti^^c^ ^' y r g t ^ co-' y rm±.\,zm^ 
^fLfty')~mb z<^y ')~m}L\,zm^^f\.fz'smm^ 

M ^ ffl ^ '^tz^^rnm^."^ -yY\izii\\x^ b v ^- 
}v^-^mf^9-yt\m\.z. u.mm^m,^-th^wMm<n 
wmh \.<\mAmifi^^^h z b ^'^b^h . 



[0014] %m:m.^\,zitm<nwm,%. it«3Si-7to 
\ ^^ivb-\>ztm<^^%mm%^ -y vx-h ^ x . mm^ 

ZbiW&b-t^. 

[0015] n^,9i,zimco%mit. m-^m i -8cr> 

^-^rtitHzMm<^mmmt!LmW:^^-y vxh-^x. 
h y^^ti-m^^m^-^^-ym^mw^v Tm±m^z. gs 
mtt h y^^fi-mi^m^msst-t^^mmmcom^mh l< 
iimimt/^^'ti> z b ^m^b -th . 
[0016] m-mm i o \,ztmcn%mi. ms.m i ~9 
<7^\^irtLMzimcn>m.mmM}^^v Yxh-^x. 
^vy:^-)vm^w^'^~ym^m.v^mmt,z^ ^w&v 
y^^>vm-^m.^mm'h±WMm<7m-\mi> l < 
'mii^^^-i-h z b ^mmb-th , 
[0017] m-mm 1 1 iztmi^mm. mwAL^zmm 

±g|5^^ffM$i^•g.*^T^-;^ F b mm^fifz-fwrnm 
b. rmM.mi.^zfm^fi^'^^-ymzx ^ j^t- ■ < 
TU y^'m.mt^(:>^xri^-ji-rmj: o hm\^mi^-t 

^m^Ur:^mb. yU~mbZ(Dy^J~m±izWM^ 

tifzy^vrmbz cr>-> s" y T)i±(cffM s tifz m&m b z 
<r)m^±.\zfm^rLtzm&-thm. tL<{i. m&-t 
hMb zcom^-t^m}Lf,zm^-^ixtzm^bz<7m^ 
a±t'ffM§ tiTt^ ^' '}Tmbz cr,j-{ y Tm±izmm.^ti 

fzy^-m. c^d-ibco\^-ftfA^^:m^miS.bL. yv- 

m(^'j'^t£< b h-^tm^^-^ Txmco±.mi<z^w:L. m 
ysw Txmbm.mhh\-^iiyimi-irLx^Lx\^h^ 
w& V y^-ivm^mb , y y -m^&ifm^u rxm<^'> 
^£<b h-m±.izm^^ixrzmmb . m^-t^m±.^z 
mik^tL. ^j'-^£<bi,-u^}^m.mhh\^mm.m^itL 
xm^hmi<zmLx\^h±mmb . ^-'Sr<t^j-gp 
ti-±Mmmcr>±.mzm^^Kht-, iMMMbmrn^ti 
fz±.iy-)vvi)-^h^j:h z b ^^b^hmmmm^-^ 
y h'{c*3v^T, ^^^-y^t^iitzhy^^fum-^mmMi^ 
L < imwi,z^m\t h y^^i^m-^m^^mf^^t^mM 
m(Dmimi>L<i±&im7b':^-t6 z b ^mmb^ 

[0018] mim. 1 2 \.ztmcr>wm±. mwMzm^ 

^fifzTiy~)V¥mb , ^-^< b {,—mi^i^~)VVcr> 
±.mzm^Mxhty. Ti^-JVY bm.m^fifzT'VMM 

b . T1;ffiilJl^^ffM^^^^^°^'->"^^:^: i y JIT- ■ ^ 
ry y^mmt^(:>^xTi^~}VYmx o i^m^^^^-^-t 
hm^^ATxmb. y^)~mbzcny^)~m±.izfm^ 
fitz^ rmbzcr>f< y rm±.^zj[m^ixtzwmMb z 
com^}L{zm^^fitim^-thm. i>L<\i. Hs-r 
hMbz c^M'^-t^ mi.^zm^^^ivfzmiEm b z (^m'& 

fzy^)-m. c7ydhcr)V^-tti.^-im^m^bL. yv- 

m<7)^j^^j:< b h-^^m^^-^ Txm(^±mzQM.t. m 
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[0019] 11*11 1 3 tifittc^^BeJi, K*±tJgBSc 

■tm±izmf&^tifzm^m t z com&m±izjfm^ti 
ix, xr- • y yj/^HM*^'^^fc 7 y -iScoKy&i 

7 y -Jl tc« L T V ^ I. MSSfc J: U^*fe«ii±tc 

m!S.^ix.f^m^u Txmtconmm. h^^^itmmm^)^ 

[0020] n^m 1 4 (cieie^7)^H^{s, *#:±tcffM 
±a?t;ffM§ixi. jti-Ti^-zb b' b mm^tLf::rmmm 

b. y^-mbZ'^yU -m±.lz]fM^tLfz.' s- y ra h 

i coj <i y rm±.izmfs. ^ titi m^m b z com^nzm 
i&^tLfzm^-t^m. t)L<{i, m^^^mbzcTM^ 
'ti>m±izmf^^iitim&mbz<om&m±iznm^ii 
tz^<vTmbz<DJ< [) Tm± i^zjfM ^fifzyv-m. o 
d-h<D\,^-nx^^im^mi&bi . T«ffi«±tcffM§ 
ft. XT- • ^ry yi/afflMA^*^^/:;^ y-ii<7)ii:*^' 
Tm^jfrnT-ca^ -s^ffistt b y^-jvm-^mb . -mti^y 
v~mizmtxK^^mmmb. ^mmmm^ir-t^^-h 

^ rxMtc® LT±SPtcf4a LT V ^ I, ±m&m b . '>^r 

bmm^ fi.fz±z^-ji' }<:b^h^^i>zbimmb-t^mM 
mm^^^y b'tctJv^T, ^-^^-y^t^tifzhy^^/vm 



•rs^swftc^K-fkti t L < i±m'\m*^^-t^ zb^ 
imb-tt. 

[00 2 1 ] nmu 1 5 t'ifi«£7)^Bj§{i^ jiMffiK^s 
^■y b<^Mj&:^ffiT-fc-5T, yv-mbzcr)yv-m± 
izWM^tLfzJ<U TmbZcr,^-<V TBitffM^ttfcll 

vrmbz <■ V Tm±izmis,^tifz yv-m. cryo-h 
^\^-ftLt-^m^m.b^um.^ b y^^)imi^m^m 

^za \ . ^m!&. b y ^^)vm^m^ri^-yi\L vtz^k 
iz. m^miMit. i>L<im'{t^^zbi^mb^ 

[00 22] ft^ii 1 6 izimcomm. m^&mm 
^ -y b cr)mm.ifmx'h -ox. yo-mbz<^)yv —m± 

izwm^ fLfzJ 'JTMbZ cr>;^ V Tm^izwm^tLfzm 

^bzcr>m^m±i,zmm.^tLtzm^'rhm. i>t< 

{i. m^'ti>mbzcDm^'t^m±izjfm^ixi^zmj^m 

bZcom^S±l^zjfM^tifz^<0 TmbZcOJ'iV Tm± 

^zjfmztLfzy o-m. c^iohc^n-^i'm^im^f^b 
^mm^hy^/i^m^m^imimMsm^b txm 
^^rzm^i&tm^^-y btc^v^-c. hy^-fi-m^m^^^ 
^-y^t-thmiz. y-^^-y-it^m^tm^m^^m 
m-^mcomfpT±if^xi5^ . m.^mtmrnrn'^co 0 •fe 

ri^^~y^\:tim^X-±ib^tLXi-^^mmcr)'J^"^x< b i>M. 

mmt:mit. hKimit-t^zbtrwmb-t^. 

[0023] ff^II 1 7 iZEmcOWMii. fi^II 1 5X 

itm^i 6izMm(r)mMMtmM'^'y}^(^mmjjmx 

~y\\LfFi^^X^£]i:>hftX\-^h%M(n'yti:< b hmMM 

[0024] it^^a 1 8 \,z%m(r)mm. 1 5 x 
\mim 1 6 fctBtti^iSMffiiiiSft*^ 'y Y(nw&-n'&x 

[00 25] ftsRlf 1 9 tCiatl5i^?6BJ{±, jlflSK^J^ 
S^XT-ATfe-jT. It^l~l 4ciOV^-r:iX*>tCietti7) 

mMM.W^%.^-v bS)^V^i±lf*lMl 5—1 ScOV^-fti 
*HCiEtfecoSit:^a;T-»jt L/^SMffifitSfj*^ y b t , 

mimmmW)%r-^'y Y^^<:r>—mz^tj:m%mk-^y 
^^mhw^^^y:,hw^^^m^b. itmsnsm* 
\^xmmmmk^y^cnmm^\YAm&^ 
h^-^mwmb. ^mLtzzb^mmb-th. 
[0026] 0 \,ztm(^wm. mmmi^x 

-^^hm.9mwm.b . 1**111 9\,ztm<m.9MMM 



(7) M2 001-52316 (P2001-5A) 



[0027] ±iatt».ffiKS**^ 'y KtiSV^Tfi, SS^ 
m b mim^-th JiWMffiSP^^K^b i> L < (iS^Lf -I. 

[0 0 28] 

[0029] Lm-iommc^mm:i muz. m-com^ 
m iar. ^ab sm^ tv^a ) ^z^'^yizm-or^mcDm 

-;kb'Jii ii3j;trF«ffiiii 2timm^ti^. ^co± 

iz. yv~m2}ij:u:j^vTm3-mm^Mm^ti^. a- 

tL/i, IIlSil4/lll5E-rSii5cDMIit{i. III.Sii4.a 

tLx^-r. ^hiz. ^co:^^i,zimmmi smm^ 
1 5*i'«a$ix-i.« :7ij-ji2/'^s-ur83/iiisa4 

[0030]lll9t. ±iaS^ffi6i«!f*'v-y ¥c^^m 

T«ffiii i2Xy 'j-m2X^ ^ u rm 3 xm^m i s if 
mm^tvz\>'^^n'7t^^^Lx\-^h . oth^c, b{±, 

Ti^~)V /TWfliJf 1 2 /7 U -« 2 U T 

Ml 2/^^jf^^MrxM6/'7 y-ii2/'^^"urii3/^ 

1 3/±«ffiJI 1 4/±->-;kKii 15*. Dii. 
Ti^— /I-- Kil 1 1 /TSttJl 1 2 /7 ij — Jl 2 /ys- u r 

ii 3 /EiTEiB 4 /m^-f- i> Ji 5 yiMmm 1 4 /± 

;P}^ill5Sr, E{i. Ti'-^H^'ill 1/Tfl:ffiii 1 2 
/7'J-S2/yN'yTJi3/IBiSJil 3/±M^lA 



imi2/y^}-m2/j'^^}rm3/mm ■ a^tiii 

[00 3 1 ] CCOffiS^ffiStSiia-^-y HtctjV^-Cti, fSt 
M'P^lMmm 1 43Ci-^>T«®i 1 2^«3g*SStfci: 

-rs t , fl:M(i±«g;i 1 4 a. sijg^sM s , 

4 , A' u r s 3 . ij -ii 2 Srjiiv^aii tT . rmmm 

[0032] i c:T'(i. Ti^— ^t- 1 1 ±i,zTVMS 

12jmiiL. ±«ffiSl 4±(c±>—;H^iil 5*W 
JlL>t«3ttov^Tai^^CJ5i. Ti^-7PKJil 1^:T« 

ffiJii2tc?)^. t?t{i±l;®ii 4 t±>'-;t'h'iii 

bhx^t. TmMmi2byv-m2bcr>mizitTm 
m ^ . m^-thm 5 b ±mmm 1 4 b (^mizit^^m * 

[0033] ZcoJ:^ ^*lllfemWJfi!l<7J^Jtcov^T , 
027^^131 2 S-fflV^TiiBg-f-'S, 5fe-fs 02^, fico 

F M 1 1 . T^-v >y TJi 2 1 15 J: tTFW^M 1 2 d^'WM 

S^ns, -e^oitc, TtfiJI (H^Bg) /:7y-Ji2/M' 
UrJl3*mJS$ix-S.» Tifiii/7y-M2(i;. ^^'UT 
ii 3 ±o:£^«i^v N'-f TXM 6 comcoM^lz . S^JI 4 

/m^-fh m 5 /±iaj« 2 0 /i.wm 1 4 

ft. :Lfit^\tm>z^-t ^'bhz)'^^ ~y\t^fih . )^9~ 

y\\L $ mim 4 /'HSf s s 5 (/jfiMtc \x , it f w 
■ffi-fUii (iajg)i4&t^EijE-t^ii5SriijjSit-ci.^i. 

'?-co:fetfc(±ffia^Jil 3*«aSiiS<. 
^(D±.i,z. ±Mmm 1 4 , v 2 2 i3 j;^>'Jl>' 
-;^^'Jil 5tfimm^ti:i>. Ttis/7u-a2/ys-y 
Tm3xmmm4xm^-r^m5 . <^3mK mtjh 

[0034] ^<7)«iS-C-«i:. {S(Cll4'«±«ffiii 1 4t)^ 

hrmMmi2^mmi:m.Lfzb^i>b. mm±±vm 

Jfl 4*^'^|Sl^^-g>il5. ISI^ii4, ^<VTm3. yU 

-«2^a3i§t, TttffiMi 2^bmii. m<Dmmm^ 

^mm't'lbl,±^^\,K =3ri3. T^VvrS2 1, Ji^' 
^ 'y Ta2 2 . TTOW 1 2 . 14.7 U— « 

3iOTit!liifcl.».^{i±gBJl2 0{±. «Bg^-&«-^i,fc 

[00 3 53 113{±. m2cr,m&i}^'^T^^-yTm2 1 

■yrm2 2 i^mtfzmmin'^Lxy^^ . t 

fz. 04 (i . El 2 a-Mi^ti^^^ ^ iz^mUM 1 4 Sr^~-Iift 
tfc«jt. t-^:i3^>. ±^-;I^k;11 5;^)J±mffiJll4 

imm^?>mmbLfzi>(Dii^Lx\^h. ^zxa. m 
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2 tcfc ftl-±ai5;i 2 0 ^*af& t , ft;b "9 2 4^ 

T , ymm/y y -m 2 rxji 6 c7)ai^N°:<?-y 
[0 0 3 6] H6«. mAi,z^Lfzm^\>zi6\,-^x . >'^'y 

It. M'yTil3±tcllS«4J«LTi5V^T. f*i::K{t; 

i.;i5. ^3J;t^"«aJi2 4<7){|lM^>K'fl:s^^T^^-s.o 

^j'-wtfTii^tc. ia5Eii4. Ei5E-r-g.Ji5. ffi»ii2 4 
(DmmzmnmLtz^mmmhmit^ti6 . ^z-vim 
tc^t- J: ^ iz. m^^-! Txm6±izhmim ■ m^tm i 

v\ ^/cia®l4, llIjE^-g>Jg5 , j;t/'ftiIiS2 40 

<. ^<7)-^co^iznmtxht^th^^\ mz. ±gis 

S2 0, 4>L<{±7U-Ji2<0TiffiS{i, «B&-tS#^ 

[ 0 0 3 7 ] 07{±, m6t,z^^ttzmmco^mmx'$y 
-i. « > u re 3 ±tc t> r X a 6 ± jfMS a-i. 

K^til ■ S-fbS 1 {i. @6 t-^Lf^Ji-^<^ J; 3 iz. US 

t/i, >N'UT«3±«K^i:Ji -ffi-ftJiiji, ie^^tt® 

t < {i±gi5s 2 0 ^mim-h±mMm(0M^mi^ l < ti 
[ 0 0 3 8 ] lasfi, meiz^Lfzmmcomco^mmT 

±^m2ocr,mmzjfm^tLtf£ifT^< . /^vrms 

±gRo , m&s 4 /m^-t 6m 5 y±mm 2 o co^ n° ^ — 

yiSiB iz t ?FM ^tih m-^T $>6. r<:^~ yitcr>miz . 
Ztizl Kimtm • Sim 1 

[ 0 0 3 9 ] ia9{±, mi izi^LtzmMco^mmxrh 

[ 0 0 4 0 ] 0 1 oi±. gg^ta • mim 1 *\ 7 u -Ji 
2 /A u TJi 3 /s^Ji 4 /las-r ii 5 /iMm 2 0 

c^fiJH, is j;VT«^S;i 1 2±(ct>ffM$til>«^^0« 
jtT-S) -I. . ^^9~yi\:<^mznLXii K^tzy^)-m2 
^ . 'ikx-mt-th zbi<zk^ m-\m ■ mm 1 ^m^^ 



y<^fmjiai. mitm ■ m^m imm^ixx^-^^^-^ 

^^^LtziiK WM^tiX^'^X i,^'th^x\'-^. 

[ 0 0 4 1 ] H 1 1 {J. m^tM ■ M-itm 1 tiK y u~m 

2 >j r « 3 /Hsa 4 /Ei5g^ -s. « 5 /±gpji 2 0 
comm. axify v-m2±^zhmm^tLii§''^comm 
xhh. fk^- y^tcomizm l -c is vi:^^ 7 u -« 2 <7)± 
gpsr . mxm^tti> z. t i *)mim ■ m^m 1 ^mfs. 
^"^fzm^^K i<?offijtt;^s, zzxnmiz^-txo 
iz. if^-?-<rx«6<Jo^N°^->-±«±. m^tm-mm 

Itmf^^tiX^^^m-^^^LfziiK fM$tLTV^^< 

-ycommi-^zit. mitm ■ m.itm 1 ■hm^^tix\,^tp 

\'^^^^^LfziiK mifSi-S:tiX\^Xhti^t.t>ts:\-^. 
[0042] 111 2{i. 7U— W2/^n'1;TS3/I1S 

mA/mj^-t6m5/±Mm2o-hy^9~y\]L^tix\^ 
X. i(7)y^^-y^mz. m<m ■ mim 1 t^m^^ti 
x\-^6m^x'hh. zc^m.. y '}-m2coyimt>^^^-^ 

~y'{t^tx.X\^ht^}ioMimS.mSiX'%. TnMMl 
2 ±lc(i: y V —m 2 coTMm-fjm ^tiX\-^X h'fi^t f>t£ 

±t{i, :7y-ii2*iS§iiTv^Tt*^ti:)^v\ ^ 

fc. >Ic:OMt~iSV»T{±. Ti^wPKJll 1 jlJ^TSffiii 1 
2^*m-r'S>*f)Si:L>^ci,c:0^^tTi3D. 

[ 0 0 4 3 ] ^rfc, ±12114 *-^,iai 2tc^L/i«^tc 

T*ii{i:«^-ri>*i^ t , 
[0044] [ m~com&cO^M ] 111 3 , ffiZ. 

mmi,zi^hm^mm^'^-/ y ^ab sMtwt-Ki 

Bf&) JitcTv— ^l-Fill 1, TMmmi 2ii^r/yU~ 

m2tmm^ti^. ^<^±t,z^ mc^^oizy^^-y-ft^ 
titzMy ^'-f Txa 6 ;!)i"ma $ tL -S) » yv ~m 2 
xiE^<7)m^<-!rxm 6 (DmcD^^iz. rsurms. m 
^4 , m^-t6m5. &t/±mmm 1 4*>jiiij^a§ 

^x. i:f^/^>{ill^7)j;3^^v^°^-wt§^tl.„ S^>tc. 

cD:t*tc«±*feiia 1 3 ^ . 7 y -a 2 y 
rm 3 /la^ 4 /M/Et- s a 5 m t j mt- 

$> s , V N-iS? - yft $ tifz , 0^ 4 /Hst- hms 
Mt{4. ■ S'fta (iiis«4sr>»-ri.«5^ 

l*Wfi!c$ti.^, 

[0045] ^fe. 112 OtC. ±faSIMS6iS!»m'^.'y K 

co^MMi^-t. zcomi^zH^-^x . Ait, Ty—fuvm 
1 1/Tfl:ffiai 2A^Wa§ii-rw>Sgp5>$r^LTV^ 

liiTiRiatc. B{i. T^-;^Kai i/T«ffiai 
2/7 y -a 2 /filial 3 2:, at. Ti^~)V]<mi 
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1 /rmwm 1 2 / ^ y 2 /m-' urxme /%m. 

Ml 3 / }SLl^-}VYm \ 5 Sr. D<±. Tl^-iVYMl 1 

/T^ffiii 2/7U— ii2/^s-urJi3/ia^g;i4/ 

llS-r-l)S5/±«ffiJll 4/±>— ykKJll 5^. E 
{i. Ti^-;PHJil 1/TWMl 2/7 "J -M 2/^6 
»Jil S/ii^— ;Wh'Jil 5 2r, Fii. Ti^-zl-KBl 

1 /TW^m \i/y^)-m2 1 3 / jimffiii 

14/±i/— /l-Kiil 5^, Gii. yi^—}VYm \ \/ 

TUffiii 1 2/7 ij -Ji 2 /mmm 1 3 /±fl:ffiii 1 4 

Sr. Hti, Tv— /WKJil l/rmffiSl 2/7y-Jg 

2XW.mmi 3/_h^— ;WFiIi 5^. Ti^— 

Kii 1 1 /rmffiii 1 2/7 u -m2/m.im ■ m.im 
i/±«®ii4/±>— /i^FJii 5^. #^^^frv^ 

[0046] icomMffiaS!j*^>y KtCfcV^Tfi:. mz 

m^(r>±MMm\ At^th.TmMMi 2^m.m,^m,Lrzt 
-t^ h . mMi±Mmm 1 4 3&»^>ii^-r 5 . 

4^ yN'y7>Jt3, 7U-Ji2Sr)ilIiXa5iiLT, Tfllffii 

[0047] <! ^ Tii-. Ti^-;l^ 1 1 ±tcT«ffiii 
1 2Sr«igL7t«J&fc-3V^T3*^3t*^ T^—zl-Hiil 
1 trmffiil 1 2 isOPaltc, ^> -yTgi; LTfeS/lSr 
WMth^hh^mX'h^. tfz. T^—zt^Fiil li: 
T»^ii 1 2 ^ «fflt-r-l. ^ 1 1 o T»^« 1 2 
^:7'J-a2tiOr^fc{±, T«tUl^lSttS^^:i-C# 

[0048] [ j^H^OHIfisO?!?® ] H 1 4 tC, ^H«|| 

m) itcTi— 1 1 . TmffiJii 2timm$ti 
as. isi®i4. vs;urS3. 7U-S2*i)ii;^«s§ 
2(7){piiii«±. ■ M-fCii mm-thm5. 

4. M'UTJl3St/7U-S2^1Sj3!t^-g,, ^JlWslBfcT) 

5*>-«Ji§^x^« ia5E^i.ii5/ia^Ji4/AyrS3 

/7 y — M 2 £OgB3D-;0i'. M T J S 
[ 0 0 4 9 ] ^rfc, 02 11:. ±sSmm&mm^'y K 

1 lyrmMMi 2:i)mm^tir\-^^M'^^^ix\-^ 

mT|5)«t. BJ±. -Ti^~)VYmi l/Tfl:Ml 

2/mmm\3^. c{±. T~>-;i^Kiii i/Tfl:®i 

1 2 /ii^ Txm6 /±MMM 1 4 /i^-— ;P K « 1 
5 Sr. D(±. Ti-— ^t^Fiil 1/T'SffiJSl 2/ISIS-r 

I) 5 /ia^4 /^s' y Til 3 /7 y — 2 /±fl:®i 

lA/±.i^~)VYmi 5^. Eii. Ti^-;l^Kiil 1/ 



T^ffiji 1 2/m^M 1 3/±fl;ffiii 1 A/±.z^—)vv 

Igl 5^. F{±. Ti^-zl^HMl l/n^«ffiMl2/EI 

§ 1 5 /H?gii 4 y T/i 3 / 7 y 2 /K{ I: 
« ■ m.im 1 /^fess 1 3 /«^s--< Txji 6 /±Mmm 

14/±i^-;PF«l 5^. ^-^^LTU^^ 
[0050] ic^l^MffiSi^«^-y K(Ci3V^-C{4. mz 

m^<r)±MMm\ Af^^Tmm 1 2^mMSr?IL3th 

■ft t . fl:^3S{i±Sffiii iAi)^t:>y')~m2. j^'jrm 

3. llSJi4. lIS-r^il5^«^jljitT. T«ffiJl 
[00 5 1 ] icTTii. 'Yl^—)VVm 1 l±lcT«ffia 

i2&«iiL. ±«ffiei4±(c±i^-;n<Jii 5*m 
mLfzmm^z'ouxm'<fzifi. t^—^i^ksi ii:Tm 

ffiS 1 2 t (JOPeS. ±fz\,i.±MMm 1 4 t ±/-;V KJi 1 
5 t cerate. ^■■vv7';ii:LT*eSJl$rffiBt--&<rtC. 
^tgT-$).S., -Ti^~}VYmi 1 i;T«ffiiil 2 

Sr . ^tz\t±M^ 1 4 iiii^-;!^ KB 1 5 ^»ffltc-r 
s-rt i.T-§i>. Tmwii 2byu-m2tcomi,zi± 
rtm 7 y -H 2 1 ±mww 1 4 1 i^PBitc«±gi5Ji 

*>. laS■tSJi5/|lI^4/.'^'yTS3/7y-Jg2 

i^^^-y^ttrzm^^z-:>\^X7jkLfzt\ 'J^^tc< bhy 

u-m2t/^y^^-y'{t^tix^^tnix < . -etLOTcogB 

. i: t >"ft;-r-g. *>{±3iSS*R-f -I. C: t 

ft S . 

[0052]|2|15{±. 11114 t^^n t;^^^i3*c7)^i^^MT' 
fc§. mi AI,z^Lfzmmbc^M\^t. y ^)-m2cr>j^ 
^-y±l,Z^mm2A ^^t-Cii^S-^ r;^;! 6^0^^°:^'- 
>■*^■*'9±(fTV^^;^T■^)S« .rcoi^t. 'RSJi2 4(i 

[0053] [ mmco'mmcomm ] m 6 . ^h^^^ 

Bf&) jitcTv—^i-Fii 1 1 . Tmmm 1 2 , m^^^m 
5. iasii4t5j:tfys-yT«3*«;^Jisixs. ^-£7) 

SJ14. ^^'yriis. y^j-m2iimi!rMm$ix^, m 

&-t^M 5 /iaS)l4 />'^' y Til 3/7 y -il 2 i7)f JIM 

rm 3 mfy y -Ji 2 ^wbIc^s . ^SMi^c^K-fW^i • 

tc. ^e»!iI«*^^:.=5^'&^i^^MTXS6^!^«I$^^'rv^ 

HSi 53&i"WJi§ti^, ias-r-g.ii5/[isa4/^s'y 

TJi 3 /7 y -ii 2 iDg|I^^*>. M T J MT-fc h . 
[0054] ^<7)«jt-C{±. 1 4 

hymmm 1 2 ^sfisr?! Ltz t-tht. mimt±mM 
mi At^^y^j—m2 . vs'yTii3. m^MA. Hs-r 
i.Ji5^jiiimj!aLT. Tfliffiiii 2^ts[:n.. mc^m 
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[0055] ^Tfc. 022 ±im%mm^^'y K 

1 2 t;^ ji 6 /±mmm 1 4 /ii^-zi- k b 1 
^m^ /w&MA /j-s V rm 3/y 'J -82 x^mMM 
Tflffijs 1 2 /mum 1 3/±mffis 1 4/±>'-;t'H 

if 1 5^. F{±, T^^WWFiil l/T«ffiS12/ia 

m ■ mitm i xm^^^ rxm e /±Mmm 1 4 /±$^- 

[00 56] i<IT'i±, Ti^-Zt-KM 1 1 ±t:Tffiffiil 
1 2 ^OT L . ±M&m 1 4 Kii 15^m 

ffiS 1 2 i; cora, i ;^c(i±fl:ffi« 1 4 t ±>— ;P h'ii 1 

5 t SOPbKc. ^> -yTili; tTteSS*ffiS^I> ^1 1 i> 

^tgT-s.i>« Ti^-;i^Kiii itTmffiai2^. ^fc 

lilMMM I At }Li^~)V H Ji 1 5 i i: i 

T'S „ ymm i 2 i:iiijE-ri>ii 5 1 c^m^znyvm 
yv-m2t ±mmmm 1 4 1 opata±gi5s 

(t.&ii:4>T'§.?.o tit, :iZTimTJmcod^. M 

&-t^ m 5 /iisji 4 s' u rm 3 / y 0 —m 2^1^^ 

[00 57] Lms.(^mmmm:\ m 7 tc. ms.com 

B&) ±fcT£^-/i^ 1 1 , T^ffiJii 2t^mM^tL 
^<D±.^z^ m<^i.ot>zj'^9-y'\t^rifz. m^-th 
as, iffl^4, y>''jTS3, 7U— Ji2, i?.ffisiifflia 

7. ^.^^■-^'TXS6?!)«^^W]i$fi-g.. i^^N'-YTXJi. 
^HMPii 7 1 J; D EPJP ^tL^:j*;^^5&^r?yhn-;l.$ 
:fi.7'^f^tc, y^}—m2i,zmw^-iXh. lIS-tl>)l5/EI 

4 //s- u re 3 'J -e 2 /-s^astusw 7 /m^ ^' 

^rxji6cr)fiijatci±. as^cii • mAm {mf^t^m 

5. EI^B4, v-^UTJl3. 7y-Jf2, ^ffiSiJWB 

7 , ji^s-^ Txm 6 ^ «)3!c-r s , ^mwmKfbifij ■ m 

\t. mmmi3t>mm.^tLX\-^^. 

±.mmi Ai6iiif±.^^~)vvmi Bij^mm^ti 
m^-fhms /m^A /)^^)Tm3 /y^)-m2 

[ 0 0 5 S ] H2 3 iieaMSKSftH^'y K 

c?)TOI12:^t"o ^amkzii\\X^ A{±, Ti^— /l^Hil 
1 1/T«ffiei 2imM^ia.X\^h^%^^^X\^ 



2/*^ig 13*. c {i. Ti^-;P h'M 1 1 /TWSM 
1 2 /WMM 1 3 /±affia 1 4 /±>—;lx KJi 1 5 

Sr, D{i. T>'-;^^•«l i/Tmffiai 2/'iis-rs 

S 5 /HSii 4 /V s; ij r M 3 / 7 U - Jl 2 /^ffiM»M 
7/Si>'s:>f rxJl6/±«fi6Jl 1 A/}Ll^~lVV^m 1 5 
*, EJi;, T^—zl^Fill l/TmSill 2/|il5E-rS 

Ji 5 /m^m 4 /V N' 1; T Ji 3 / 7 y 2 /^bsmji 
i/WM TxmGxm-im ■ m-im 1 /±«ffiJi 1 4 

/ii^-Zl-HSl 5*, #^^LTV>^„ 

[00 59] zcommxn. mzm<^cr>±mmm lAt^ 
iii4>&-^>*i^NMrxs6. ^H*JWS7. yu~m 

2, vs-ijrii3. lljEii4. EISt"-g.M5*)iK^aaL 

X. rmmmi 2^tmi. mcomwM^^MMthz. 

[0060] zzx'it. ~ri^~)u h'B 1 1 ±tcT«®i 
i2*«jiL, ±MmmiA±tz±=^-;V']^mi5im 

®112J;<?)P^, a7t{i±«S/il4t±i^-;kb'JIl 

sfcco^t, ^^-,y°mtLximm^ms.^h:ibij 

"smxh^. tfz. Ti/— /t-K/ii 1 trmffiBi 2. 

4 ;t{±±m»i 1 4 i: i^-zL' K Ji 1 5 * JftffltCt-S <! 

t i> s , Tflfiii 1 2 1 HS-r-g.* 5 h op^tfST 

fffiSar , t fzM^-^-^ Txm 6 i;±«g« 1 4 t <r)m\,z\i 

^umizm'^tcmm^m^ii. ^mmmmi i'-ga^^i, 
<rti>T-#i., t^. zzximTjmscrid'ty. us 

-f - s ii 5 x^m^m 4 y r Ji 3 / 7 y -s 2 * ^ N° - 

V^t Lfcii-^t'ov -^T ^LfztK 'Ja-ts: < 1 1 7 y -H 2 

[00 6 1 ] [m^(nmmmMmi 8lz^ ^AcoHM 
?^«Rt:'(^S?lMffil5i^m^-/ AB SHt:TOt:«J^ 

tzmcommm^^-t, ^<^mmxii. (ii^b&) 
±tc, rmmmi 2^mmLfzry~)i-}^mi itmm 
^ti^. ^cr,±iz^ ^w-/rmmmmM2 5^mm^ 
it. mzrmm (ii*«b&) /m^-t^m5xm^A 

/) U ra 3 /7 y -a 2 /^mm 2 4 >^^^JI!cM§^^^^°^^' 

rm3/y U~m2/BMm2Acr)^'^^-ytjK MT J 
MT-feS, MTJlly^°3'->'{|l|Mfc{±, iSft/l-Siba 
l*i?^JiS§n.TV^.|., Sfetc. -!-«0:&&m^»H 1 3 

mm^ti^. m^<-^Txm6it. lesai 3*/r-LT 

co^-i^-ytTi^-fv-y^mi i*T«ffiai 2co^. t 
t<{d:*i^^WTxa6 t±v— ;i^Kai 5*±fl:ffiai 

4i:i0lSt(i:, IfeS^iBAn 3;6iBjS$ilTV^S , 
[00 62] ^ItO^^C. Ti^~)V]<mi IfcTlffiai 
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2, ttm±i^-/i^Ymi 5t±m&mi4bii. mm 
1 1 trmmm i 2 1 c7)PHitcT^> •/rssria 

>J-Jg2±i0ffiaJi2 4{±^Bg-tl.it i>TS^„ t 
S 3 ij 2 2 4 t-^T ^ ^N-iS'-Wt Lfz 

[ 0 0 6 3 ] ±iB#^»^ffitc*5V^T(±. 
TXff^^^i: LT±j&-ii.l.-C**ff^Oi,<:0S:lll 97^^11 

2 3tc^^Lf^;&-\ mmzi±m^(omk<oi,co^m^^^z 

[0064] ariz^ti^-ticomm<r)mm. is^mm 
mmitm'd^miz-:>^^-ctm^h, ttz. mm^^ 

sic. r;^5-h. t;i^^-/^'/'t;^5:^. sic/r 

[0066] ~riy—)V]imi 1 i: tT{5. N i Fe , C 
oZr, CoFeB, CoZrMo, CoZrNb. C 
oZr, CoZrTa, CoHf. CoTa, CoTa 
Hf, CoNbHf. CoZrNb. CoHfPd. C 
oTaZrNb, CoZrMoNi -^-A. F e A 1 S 
i , mmSmf^. MnZn^x^^'b, NiZn7x 

[0067] T«ffiill 2 t LTH. Au , Ag. C 
u, Mo,W, Ti, Zr, Hf. V, Nb, P 
t. T a ;&-^>>5r ^SM. i5 il/M-^ifeWf 

[0068] #B$lJffllii 7 t L-CJi, A 1 mm. SiK 

^-f Au. Ag. Cu. Mo. Y. T 

i, Zr. Hf. V, Pt. Nb. Ta:6-^>^i)*#:. 

[0 0 6 9] ±mffiJ114i; LTii. Au. Ag. C 
Mo.W. Y. Pt. Ti, Zr. Hf, V. N 
b, Ta3&-^^:§##:. ^MM. 

[0 0 7 0] ±>'-;Umi 5bLX\i. Ni Fe. C 

oZr. CoFeB. CoZrMo, CoZrNb. C 
oZr, CoZrTa, CoHf, CoTa. CoTa 
Hf. CoNbHf. CoZrNb. CoHfPd. C 
oTaZrNb, CoZrMoNi^^, FeAlS 
i . mm.W^f^. MnZn^x^-f N i Zn^x 
7-^ MgZn7x5-f h>t)>Ji.^ *5 



[00 7 1 ] imm 1 3 b A 1 Ktt, s i m. 

[00 72] T^>>y7"S2 1 J) V^i±±^> -y 2 

2i:tT«4. Aim^m. sim'fm. m-itr/v^-^ 
A. M^Ci^uiijy, r^'^^y^'^-f 7;^-4^y*^^>^r 

[00 73] ±g|5iI2 Oi: LTJ±. Au. Ag. Cu. 
Mo.W, Ti. Pt. Zr. Hf, V, Nb, T 

[0074] Si^SW TXme t tT{±. C o C r P t , 
CoCr, CoPt, CoCrTa, FeMn, N 1 M 
n , N i St-ftiH. N i C omiYP^. F egS^tt). N i F 
eW.im. IrMn. PtMn. PtPdMn. ReM 

[ 0 0 7 5 ] MT jffi mnmm^m) t Lx\i. 

TitS/^ U — S/'IS 1 MRa:yys>';?;Jl/>'N'U TJI/ 
^2 MRx yy^yxii/la^/lll^SS/f*aJg, 

a/HSii/s 1 MRxy/Nyxji/y-N y TS/S2 M 
h . m= . mw/rmm/m i <7)@s^s i h 

SJi/^ 1 MRx>--;\yxjl/y-x u r«/^ 2 MRxy 
^ \ yxJl/ 7 U — JI/|g 3 M RX yy ^ yxji/v S- ij TJI 
/^4 MRX WN>'XS/^21ISS/'IS2 SOfflS-r^l. 

rnxM^M/^m 1 MRx>■y^>■xJl/'y^■ y /ffi2 m 
K3zyj\yxm/y^)-m/u.mm. i'h^^^i><^x~h 
t . mw/Tmm/y U -a/iS l m rx ^ 

mm-fy^h^^hcoxhh. 

[0076] Ttteili: tT{±, K-ftft, ffi^tll*^ 

El^{C{i, Ta, Hf. Zr.W, Cr, Ti, Mo. P 
t, Ni. Ir. Cu. Ag. Co. Zn. Ru. R 
h. Re. Au. Os. Pd. Nb. ViiJzV^Zfli^cr) 

tfzit^mm^m^^^. mMicmbLx. Ta. h 

f. Zr.W. Cr.Ti.Mo. Pt. Ni. Ir, 
Cu. Ag. Co. Zn. Ru. Rh. Re. Au. O 
s. Pd. Nb. VSrfflV-iSit ^iriJ. ±fa 

[00 77] 7U-il2i; tT{±. Ni Fe. CoF 

e. NiFeCo. FeCo. CoFeB. CoZrM 
o. CoZrNb. CoZr. CoZrTa. CoH 

f. CoTa. CoTaHf. CoNbHf . CoZr 
Nb. CoHfPd. CoTaZrNb. CoZrMo 
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[0 0 78] ^syraBttTJi. rnrn^. mm^?. m 

m) 2mm. SrfflV-^-S. Ti. V. Cr. Co. Cu. 

Zn. Zr. Nb. Mo. Tc. Ru. Rh. P 

d. Ag. Hf. Ta.W. Re. Os. Ir. Pt. 
Au. Si. Al. Ti. Ta. Pt. Ni. Co. R 

tfzliZti^bT i . V. Cr. Co. Cu. Zn. 
Y. Zr. Nb. Mo. Tc. Ru. Rh. Pd. A 
g. Hf. Ta. W. Re. Os. Ir. Pt. Au. 

Si. Al. Ti. Ta. Pt. Ni. Co. Re. V 

mit^jit^imb^^^. 

[ 0 0 7 9 ] S 1 i^j:X/m2 MRj^y/\yxmb LT 

{i:. Co. NiFeCo. FeCo^. tfzl±CoFe 
B. CoZrMo. CoZrNb. CoZr. CoZr 
Ta. CoHf. CoTa. CoTaHf . CoNbH 
f. CoZrNb. CoHf Pd. CoTaZrNb. 

coz rMoN i ^^tfziiT'e^vy T xmmtm'tm 

[0080] m^MA b LTfi. N i F e . C o F e . 
NiFeCo. FeCo. CoFeB. CoZrMo. 
CoZrNb. CoZr. CoZrTa. CoHf. C 

oTa. CoTaHf. CoNbHf. CoZrNb. 
CoHfPd. CoTaZrNb. CoZrMoNi-^ 

tfzl±. ^tl^b. Ti. V. Cr. Co. Cu. Z 

n. Y. Zr. Nb. Mo. Tc. Ru. Rh. Pd. 
Ag. Hf. Ta.W. Re. Os. Ir. Pt. A 
u. Si. Al. Ti. Ta. Pt. Ni. Co. R 

e. V^'<'-Xt-ri.^^VP-T>&^^>^rl)*#:. t 

fzi±mmmb^. m^^h-^tzmmm^m^^^^bi,^ 

mT^^o Co/Ru/Co. CoFe/Ru 

/CoFe. CoFeNi/Ru/CoFeNi. Co 
/Cr/Co. C o F e/C r/C o F e . CoFeN 

i /C r/C o F e N i li^titcmmTh^ . 

[008 1] mM^hm5b LT{±. FeMn. N iM 
n. I rMn. RhMn. PtPdMn. ReMn. P 
tMn. PtCrMn. CrMn. CrAl. TbC 

o . N i mm^. F e m^m. n i mimb c o mim 
^ift-^^. n i m^mb F e m^mcois.'^m. n i m^t 

ft./ c o m^m 2 mm. n i mm^y f e m^m 2 m 

m. CoCr. CoCrPt. CoCrTa. PtCo 
^^b^^m^-^^Cib^^^T^^o PtMn^L<{iPtMn 
t:iTi. V. Cr. Co. Cu. Zn. Y. Zr. N 



b. Mo. Tc. Ru. Rh. Pd. Ag. Hf . T 
a.W. Re. Os. Ir. Pt. Au. Si. Al. 

T i . T a ^muii:zumimi:^mmTh t . 
[0082] «ii/i2 4 b LT(±. mim. m^m. m 

mxm^m2mm. ±m/ imimbmimbc^U'^ 

^) 2J1JK. ^m^^h. Ti. V. Cr. Co. Cu. 
Zn. Y. Zr. Nb. Mo. Tc. Ru. Rh. P 
d. Ag. Hf. Ta.W. Re. Os. Ir. Pt. 
Au. Si. Al. Ti. Ta. Pt. Ni. Co. R 

t.fz\t^tlhbT i ^ V. Cr. Co. Cu. Zn. 
Y. Zr. Nb. Mo. Tc. Ru. Rh. Pd. A 

g . H f . T a . W. Re. Os. Ir. Pt. Au. 
Si. Al. Ti. Ta. Pt. Ni. Co. Re. V 

[0083] m~7b^mr^<nmmmmxz\%^m% 
[oo84]ii24{j:. ig-c^nssjfijtjjcd i> m^mx 
mm 12 ^mmm-th ( (d ) . ^cr>±_i,zxr-yi^ 

;PPR2lS:ffMt ((2)) . Mit^UTxm 6 if^ML 

fzmzvyh^y^^ ((3)) . mz. mtji^s, ± 

^mi4i^mL ((4)) . PR2 2^?^B!ct5 vy 

i^'-th {(5)) o mz^ y-^^-yit^fitzMT jms<r> 

T-T^x-esr^^^-fi-, y'^X'?i,zm'f-^mm^-t^y] 

^^i. s <j yr^ndmi,z^ v y^^y^xf^^zmmh l< 

< itmimmtmi>'ofz i^mmm 1 3 ^bScIK l , u 7 b 
yi-y-th ((7)) , ^(yizrmmtmm-th^xmmm 

1 3 Sr5t3^(tt ( (8) ) . ±i^-;PKJl 1 5 &?^fi!c-r-l. 

( (9) ) , 

[0085]|S|25(i. ffi^c0^ifi?^.^,W^^JamffiK 

VMM 12. MT JffiS . IMMM 1 4 ^)ii<J:JFM-f-S 
((!)) o ^i5D±tXT->^i';^PR2 1 §:mt, 5 U 

y^^^ ((2)) « ^^°^->'■fl:s^^3tMTJKs 
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comm^^m^ttfzim-it-ti ((3)) « mim. ±% 

3gt-s PR2 2&?^Jj!4t ((4)) , Ji^HTXiie 

i^WXfz^k. y y Vicy^h ( (5) ) „ j^tifiiSM i 

P) 3^±MMmiAtim\i!,-thb^^ 
^-Cmh ((6)) „ T«filiil 2;{|i-|tffi-rSSTi^^ 

1 3^?\:abftL ((7)) . ±.i^-)VYmi 5^mm-^ 

( (8) ) . 

[ 0 0 8 6 ] 112 6{i. m^c^mmm^zimmMmi 

Sifm-^ "/ b'cO-f^^^HicO^jT* 0 . (1) *^^> (8) cOJliff^ 
^Stil>. »*i o±(3, Tv—zl^K/ll 1 . T 

mMmi2. MT J ms^mmm^h ((D) . 

±l>zX'ry>-fl-PR2 1^m^L ((2)) S.VyifLfz 

( (3) ) ate. mmm i 3*5 r;'.ii 6 ^rii?^ 

ffMt. U:7h^7^l> ((4)) , mz. PR2 2^ff^ 
^LSy^^'X^^a ((6)) (3, <Xizy^^-y^t-^ttfz 

MTjmmm^m^tttzit&^t-tt ((6)) , K-fb«±, 

(T^xv^-fcs) x'iot^thti:VK mmt. mm 

^ Wffi^'^TW Lffi:^ & 1)115 Lfc#HM4'T-T5X 
ti^-ftfi^e^^-^*? ^/i^>PR22^ ( (6) ) , 

TVMm 1 2:*i"®ai^-^ is^fihnL 

( (7) ) . ±i^-/kF)l 1 5 ^fFMf-^. ( (8) ) , 

[0087] mm<nmmm-.izi^hmMMm)}^^-/ v 
[ 0 0 8 8 ] 02 7i±. m^<rmmm^zi^hm.mm 

S&m'v -y KiOf^jS#^JIII<50^JT'fe "9 . (1) *-^> (6) cOJl-Cf^ 

12, MTJiis. ?mmmmi . ffi^wrxise^iiii 
«L ((2)) , syy^t^^cmc. >'N°:S'-y'fbS^x?tM 



TJMs^ofiiiMaJ^K^bs^c^a^bt-i. ((3)) . mit 
i±. ±Mfp. mmi:^mi7mTmiLfzmmm.fp. t 

v\ fci.v^{i. ^vyx^'<7omi,z^oyy:^x<pi,zm 

^th LKim^mmtmh-ytzhmmm 1 3 ^^l, 
vyh^i-y^i, ((4)) . T«^i 2*^^^^i-rst■c• 
sessJl 1 3 Sr7^:$)(tL ( (5) ) . ±mgS 1 Amf±.i^ 

~)v\^m \ b-^mm-h ((6) ) . 
[ 0 0 8 9 ] j^tc. i^m^i^zimmmMMm^^'y v 

fzm^^^-t. iii2S(±, ifmmzi^m^^-^^^-^ 

com%mm±^-y i 3 oit. *ft4 2±tcia(t^>tL 

-y b' * ^<0-g|5fc-^t;m^ -y K 4 5 

t,Mi4 3. rj-f;k4 1 , ±gSffi4 4!^)^'^5rl>iai*^ 
-y b'4 6 t*^^>«Ji£§aTV^-l.. ^CO^, ±g|5i^-yI^K 

^ ■y H OiSagg^^ a , IBIi-^ -y K ^0K^^> ^y T{i i O 

J: 3 tcn-x y ^ ^±.\,zm.i3fzm.mzmm- ^zbx\ 
xy^ nzmiLL. mmm->x7-Mzmm^i> i ^ 

[ 0 0 9 0 ] H2 9{d:. 1112 StS^t^t^lB^IS^^ 

mmimw^^y h ) 1 3 o*%M§iT., ffiaiii 3 

2(Cj;-9TSii§fLTV^|,„ »Sl29{i. ^J^{f A 1 
sOg-Ti O^S^^r^S-y^X^A^/^^iBSt^ix, ft^M 
13 2{i:, mtliDl.C {^'4^=^yYy-i 
y) i}-hmiSL^iaX\.-^h. <lc7)iBMS^«-?a51 3 0tc 
«±, IBili«^ (IBi*^-y F) >^zmm^tifzWm>'l-l 
3 1a, S.t/W^«^g)I (B*-^'y F) tC»M§iXfc« 
«^ 1 3 1 b^i^^J^fig^tLTV-.^, mffiffi^ 1 3 1 
a{J. iB»^-?SI5tclEIWSE&EriJnLIBia»#S:±tS 

"^^Wcfmrnm^iss^zmm^fixx-^t. ttz. mm 
1 3 1 bti, m^m'f-mi^z^yxmM^m^Mm 
^nis&i 3 4 i: . M^m^crymmmnzi: y)%^-t 
hm]mitim^^tthm.^c^mwbLx'^\i^L. tm 

iE§ 1 3 5 1 [zmm^tLX^^^ . z<7ykd ^zmmMiK^ 
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[ 0 0 9 1 ] 03 0{±. H2 9iZ^Ltzm»&iii^mi^ 

X T- A Sr ffl V ^fcffiMf eii- X T- ^0— ^Tf-jftt^ll-t'- 

(iatt>W-f-l 0 3 ) t . v■'-:^'iB«^^;ti6c0^^ffl^^^ 

9 •/ ^ W-T'S.ISMIBSI^* 1 0 2 t , ?SMfB»S*'^>y 

K 1 0 3 i:mMimmi^ i o 2±^oj5t^i^f4atcf^i!i§ 

x-^ ) 1 0 6 J: . l^MiB»^#: 1 0 2 ^UltelBI&^li: 

^^-i' (m20T^'^^x-:S') 1 0 1 ^ii;iT 
1^1) o ^icOlltjDliT. IBKlfflcO^:-^ 1 0 1 tcj; OHI 

MlBiiBi-^'y K 1 0 3*^ ^X^yi^ h y 1 0 4 . T 
-Al 0 5t:j; OKD#(t^>ix. vcMiO6t:j;0h 

^•y^vi^'^n^. iei*B*iij^{±. aMiasjB^^ y 

h" 1 0 3^£7)IBilB^-f -V^^H 0 7*»^>i7)ft^tc j: Y) 
'^htlh . ^ICOmm^i-^ -Wt^ 1 0 7 t . F-'COfi 
Bv3^46Srtf ^ VC M 1 0 6 t . iEliM* 1 0 2 StUHeS 

[ 0 0 9 2 ] 113 ^MiBii^X7"AC0fift;M*^ 
t;^cfHSia-C5!).|.. <lcoWcj3V^T{±. 'N.vh'X^-f^' 
-^«toS*S5 2±t:, mMiB»B*'^"/ b' 1 0 3 

(B^fe^'y K 5 1 ioitMeii^-y V5 0) mm^tir 
mmmmi^ 5 3 <5o±sr , 0 . 2 jLtniaTtoft $ . $> 

0 . S^^-y ^• 5 1 iiMmiEI*«*5 3 tciBi*§a/c?l 
[0093] 

immn :^mii>zi^^m%mmw.^-y vc^m-n^ 
mmcommmi>z-:>K^x . mnzmm-t^, 
[0094] m-crmmm]±mm-c^)mmmmizi»^ 

Lfz. ZCOMMT jmttXii. Ta ( 3nm) /N i 8 
2 F e 1 8 ( 5nni) /CoQOFelO (0. 5nm) / 
A 1 K-fh,^^ ( 0 . 7nin) /C o 9 0 F e 1 0 ( 2nm) / 
Ru (0. 7nm) /C o 9 0 F e 1 0 ( 2nm) /P t 4 
6Mn 54(1 5nm) /T a ( 3nm) . Srffll^fc, liff^ 

figf^tcfj. 2 5 or, 5mm(r)mm^^jmm(7)m^t 

l±m5i-t^U\^iZ 5 0 0 O e ^O^^^EpJutoo^f -5 

MTJMiiHSJi (Co90FelO ( 2nm) /Ru 

( 0 . 7nra) /C o 9 0 F e 1 0 ( 2nm) ) COiM^^tX' 



li, MTJm^rM^iOiUyi^mmi^zX'OO. 3Pa^0M 

g(T «y tcff L , MT J ffiSSHfc J; t^'HSJl 

SOS Uy^''"SDSrffi^t,L/c, T'yiyyy^m^O. 3 Pa 
«Ar, 0. IPatOOaJfH^tft, 2 0 0WcORFytV 

~imnLx^^Lfzy'^x~7i,z2o^mMTjmmm 

^rtmi^-^^^^tiz^ y)'ij'ifz. im.<^fz>t>{zy=7X'7 

mitTM k -i-Eg L T {"^^ X^tz'^ yYi^m^Lfz. ^-y Y 
a#:-ffS 2nin(7)r;t'^>y^'±lcr;^5->-^10Atm«Ji 

Tv-— ;H^JI---if§ 1 z/mOCo 6 5Ni 12Fe23 
(M±at%. mT|n|t) 

Tfl;eM"-Ta ( 1 . Snm) /P t (1 Onn) /Ta 

( 1 Onm) 

±ltffiJi---Ta (1 . 5nm) /Au ( 2 Onm) /Ta 
( 3nm) 

iLi^-jVYM-W-^ 1 //rniOC o89Zr4Ta4Cr 
3 

IfeSa- ■ -JfS 4 0 nm<7)T/l^ 5 

Si^^'-f rxig-"C r ( 1 Onm) /Co74. 5Crl 
0. 5Pt 1 5 (36nm) 

T^-v 'yTii---^L 

[00 9 5] isO^'y KSr, 132 ^(^i:.ot£imM±— 
frS's-y h'tCjnlfcJ:t^':^5-<:^^JlIIt, CoCrTa 

^ffi#:±t7^-^'SrlBiiffifet^Co icol^, »S^3i^h 
5'y::?'11{i3^tm, -y7°{iO . 2^(m, Is! 

?t-^?i-Y'7'y'7m,i1iJ.'^h L/C. »Sji^^>y Kasso 
3 ;l^f^J^B#<?) 7 i^'X b ®-fLX§{4 2 5 0 °C . 

L , ^ffifiiS&aS^ tLTiEt<l6^L^: 

< 5r tfO T\ 'y K gPii J: mm.^ -y Y Ui¥f&M 

-jmz. 2 0 or, 5 0 0 oem^r^. i B#rE3^^«i^ 

[00 96] t'yfz<i'^m.^imzi3\,^X 1 OfflCO^'y K 
ki^tS^Lfz, ni^^UmJji±3. OkOe, MrTJi 
0. 3 5memu/cm2i:t/S„ te:f^L;t-^-yh'&fflV^T. B 

^m:tj*}i?Et3t. 1 011^0-^ 'y KoB±m*a®is 

XvK^tilLcO^Ji, B*ai*3{)-'3mVl;iLhtf04>«0{41 

fli t ^' < , 10 9 iiS -C'/f)^' 1 mVliJlTT* -ofz, 3 mV 

tyh. t ^^'^r■a(5D-^.>y KTIiffiK^^ffiyj-C/hS < , 
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2 


3 


4 


5 


6 


7 


8 


9 


10 




M 


0.4 


0.9 


0.3 


0.7 


0.9 


0.7 


0.5 


0.1 


o.g 



m2] 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


W^mt\ CmV) 


3,2 


3,2 


3.1 


2.4 


3.0 


3. 1 


3.3 


3.3 


3.0 


1.9 



[0097] im-comtmn ±.iEm^commmpMzm 

Ta (3nm) /Pt46Mn54 ( 1 5nm) /C 
oQOFelO (2nm)/Ru (0. 8nii)/Co9 0 
Fe 1 0 ( 2nm) /A l^t^ (1 • 5nm) /Co 90 
F e 1 0 ( 0 . 5nm) /N i 8 2 F e 1 8 ( 5nm) /T 
a ( 3 nm ) ^ffl I ^fc » MffMStCti 2 5 0 , 5 BtPaltfO 
^^?!PISr)SJ^^<7)lSl^i:{i:lS3^-l>:tr|fiIt 5 0 0 O eco 

y -zz.yyzfii , M T J MJiSTSO Tat "C-T^T 

[0 0 98] 1. il^iO 5 T 7 X-?SS-ft; 

MTJU^M^tfOS'jyjJ^^ScJrOO. 3PaC7)^Ar 

T'y v-^X^f+ti, 0. 3Pa<7)Ar, 0. lPa(?502# 
8^4*^2 0 0W<ORFVNV-^E|ttPLTll^t/sr^ 
Xvtc 2 04i-raMT JMS^SrffiMS-tir-S * ^: tci Off 

[0 0 9 9] 2. a^tosuy:?^+i^is-ft 

MT J M^a^^<?) 5 U y^'-'^atci D 0 . 3PaC0*rEA r 

[0100] 3 . jis^o s y yy+m.\t 

MT J MSrM^cO S iJ yymmzi. 0 0.3 Pac^/#1&A r 

^xjusa^i-c-s uyXL/cf^t. T^xvigfb^B 

(T-y>'y7'^a)tC0. 5Pa<7)Ar. 0. SPaCONaU 
H^4't'2 0 OWi?)RFyN°'7-SrEriJ[ltT%:tt7tT^ 
Xvtc 1 2 O^P^MT JMJQIP&«Jl!l!$-tir^ i ^: j; 0 

[0 10 1] 4, (K* + A r)#Hm45 5 y >::?'"' 
S U > y^mz A r 0 . 3 Pa t 0 . 1 Pa W^lzM 

[0 102] 5. (M^+Ar)#iam4'Sy>'i5^ 



5 ';>'^"Kgt;Ar 0 . 3Pai:afgO. lPa^|B]B$tc^ 
[0103] irhKOTttotcr^Xv^-ftlSSr^DSLT 

2nIn^OT;^^>y^5'±tCT;^'^:^^ 1 0//m^ 

Ti^~}VYm-^^ 1 /xmCOCo 6 5N i 1 2Fe 2 3 

(*lJt{i:at%. mmt) 

Tmffii---Ta (1. 5nin)/'Mo (8 0nm)/Ta 
( 3nra) 

±MM.m—T3i (1. 5nm)/Au (4 0nii)/Ta 
( 3nm) 

±.iy—)VYM---W^ 1 j«mc7)Co89Z r4Ta4 C r 
3 

*feiS:ii- ■ -ff S 4 0 nrac?)r;l^ S 

iiiy-s-^'TX»---Cr ( 1 Onm) /Co74. 5Crl 
0. 5Pt 1 5 (36niii) 

[0104] ^Lc^MMMmh^^-y K^, 112 S^Oj; 5 

CoCrTa^^|«#:±lC-f-:5'^ia»S^L7'c. .1^0 
1^. »#a^b7>y^'1i{±3;win. »#a^=¥-r >y T{± 
0. 2/im. l5E;^ji^^h7'y^ti{i:2//mh 

{± 2 5 0 °C . 2 BtP^ i: Lfc , ^ <7)Igfc i y 

m^'yYm^mi:-rmz. 20 or. soooeiij^ 

iB#PBi<7)*fisiKLJM^ff-9fc. ■-cr)^mmmmzi: 

[0105] t.->fz<mm(^^m.mmi>zi5\^x . lom 



(16) 12 001-52316 (P2001- 50<0A ) 



tO^.y K^f^Jjict/'Co M#:<7)fm^J{i:3. OkOe. M 
rTfiO. 3 5mentu/cin2i: L5to l«#L?^C'\'y K^fflV^* 

&^^^aT^z^-t, MT jiKSffic7)r5Xvffi^tiEL 

■y L-CtO#^*'9(4 2 0%^:fiV^ii;>f!*;?3-l>. W 

W t 7 U — Jl i: y&f® IS L T S i 1 /^c , — 
^r. iimS UiXiJ-'+T^Xv^-fbOJi-^Ji, 1 0fli*8 



7 o:£. a^5 u y^+s^[:(7)«^{i6 oi. (mm+A 

r ) mmm^ S U y^-tOii^Ji: 5 0%, ( H* + A r ) 
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[0106] m^<^mmm^ ±M^m<^mmmmizi^ 

T{±. Ta (3nni) /'Pt46Mn54 (1 5nni) /C 
o 9 0 F e 1 0 ( 2nni) /R u ( 0 . 8nm) /C o 9 0 
F e 1 0 ( 2nm) /A 1 MiYM ( 1 . 5 nm) /C o 9 0 
F e 1 0 ( 0 . 5nm) /N i 8 2 F e 1 8 ( 5nin) /T 
a (3nin) ^ffl»,->3t„ IKffMf*«i 2 5 0°C. Sl^SiO 

m.^^m\iL-:>-^'il->fz. '^-/YW^crMcoMTJm<^ 
MT JM{i*TJ1^0Tafr-r^T 

y yy'mmzJ: 0 0 . 3Paco$i6A r 7i?'x3?:HM4'T- S U 
tfcmtc, r 5XvK-fLSM(T -y ^y^'SM) 
MTJJKSffi^K-ftLyt^ T-yi^y^-^mS. 0. 



SPa^-jAr, 0. 1 Pac7)02#|gM4't- 2 0 0 WOR F 
y^V-^EpJatT«^Lv^^T^Xv^^, 2 O^T^MT J 

2nin<7)T;k^v:?±tCT;^S-?-^ 1 0;um^ 

mLfzhcT) 

Ti^-;t'Fil---l?§ 1 /traCOCo 6 5Ni 12Fe23 

(ia^{i:at%. OTNt) 
TTOM-Tad. 5nin) /Mo (80na) /Ta 

( 3nm) 

±mffiJi---Ta (1. 5nm)/Au (4 0nii)/Ta 
( 3nm) 

±i/-;kF 1 /xm<J0Co8 9Z r4Ta4C r 



(17) 12 001-52316 (P2001-5^A) 



mum- ■ -ff $ 4 0 TmCDTfl- 5 i- 

m^^-^ T.xm---C r ( 1 Onm) /C o 7 4 . 5 C r 1 

0 . 5 P t 1 5 ( 3 6nm) 

to 1 07] ZCO^-yV^. m2 8cr>J:'j^xmm^— 

"/ K t,zMJ:iiJ:X/:^ 9 ^' ^J^Jnx L . c o c r t a 

^•y^miiSum^ »#iiA^>'yT{i:0. 2 //m. 

^ JVUW^^CT) :? ^ i^x h g ftXiiti: 2 5 0 r . 2 

X V (ta{f ^: ^ I -^lasr ^ Jifc J: tAmSf JlcOK 

m~rmz, 2 0 0°C. 5 0 0Oe?K^4'. 1 Btral^O^m 



[0108] S '>fc < iHliKfOf'^lt^litCfcV i-C 1 OMc?) 
's.y H?rf^ji!£L7"c. ^#cOf«Sji±3. OkOe. MrT 
{± 0 . 3 5 memu/cm^ i: Lfc „ l^-f^ Lfz"^ >y H Srffl V ^T, 

^ MS „ 10 m<7y\ -y V (^W^mtiM^ 
S t 7 'J -B ^ ifmmhX V ; t 3t , 

—-^fi. a^s y y^"+r9XvBg-fttD«-^(i. loffl* 
9ffltTi±B:iai^j*^'3ravj.:]i±-cs> D . D^^'g 0 

Z i: [6] ± L 7t <, *S|aj jlffl L Jt i M T J iSiy ^° ^ - 

•So 
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[0109] [ffiEHc^mtM] iMM^c^mmmmtizi^ 
hmmmmn^^ yY^i'^m.Lfz. ^oismtjik^l 

•CJi, Ta (3nm)/Pt46Mn54 (1 5nni) /C 
o90Fel0 (2nm)/Ru (0. 8nii)/'Co9 0 

F e 1 0 ( 2nm) /A 1 It-ftft ( 1 . 5nm) /C o 9 0 
Pel 0(0. 5nm) /N i 8 2 F e 1 8 ( 5nm) /T 
a (3nin) 2rfflf»/i, MffMf*tdi2 5 OT:. 5^^(55 
»MSi^ijg)3iB§o?ll?i: iM^t-S:^!*]^: 5 0 0 O e to 
K#^EpaDLo':>4T-^^Co ^ y Y^mi¥<r>m<r>MT J 
J N"^' . M T J MtiSTJl^O T a i •C-T'^T 

y yi^^mmzi: D O . 3PacO|iEA r ;?5'X#HM4iT- S U 

y^'L/^at, y'^7:-7mimm.{T yz^yy'mm.) izf^ 

L. MTJ^Sffl^S-fbLf^. T-yi^y^'-^miO. 3 
PaCOAr.. 0. 1 Pa<7)02#H^4ilC:2 0 OWCORF^N" 

'7-^EPSlltT^iL./^T5X-7t, 2 0-5>Pb1MT 

X^m^[:TMi:mmLXi¥^Lf:z^'y Vi>m^¥Lfz. ^ 

•y F^ffiR£^i>#^*^: iximrcohco^m^-^fz, 

mi^"-m^ 2nmC0TfU^ -y ^ ±l,ZTJl-^-rt: 1 0 juLnm. 
MLfzhcO 

Tj^-;I^Hii---i¥S 1 um(DC o65Nil2Fe23 



(fflltJia OT|5|!: ) 
T^ffiS-Ta ( 1 . 5nm) /Mo (8 0nm) /Ta 
( 3nm) 

±VMM—Ta (1. 5nm)/Au (4 0nii)/Ta 

( 3nm) 

±.>—JV-Vm---m$ 1 //rac7)Co8 9Z r4Ta4 C r 
3 

IfeSa- ■ -ff^ 4 0 nmtOT;W S 

liy-^-f rxii--C r ( 1 Onm) /Co 74. 5Crl 
0. 5Pt 1 5 (36nni) 

•y7'ii---^t 
±¥-V'y7°ii---^t 

[0 110] ^cr,^-yV^. m2 8(r>J:o^j:mmn±- 

mi^-y KtCjnlioit^'X^-^^'JPTt. C oC rTa 

mmi^±iZT-^iimn^Lfz. ^com. m^&^v- 

y'y1^m±3um. »^a»^=¥>'yrii0. 2/xm. 1^;^ 
3:^h^>y^tI«i2Atmi: L/io •S'ji^^'y HSP^Orj 
/PgPft^jSlB^O 7 4- i^'X Mg-ftX^JS 2 5 0 'C, 2 
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mrmz. 2oo°c. 5oooem^'p. if^m<^mm 

[0111] ^ o^:< fm^)W-fci'-'T 1 GUcT)^-/ K 

iimtfz. mi¥ioum.Mi3. okoe, mttj^ 
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[0112] mz. :^wnimmbxmif^tifzmmi 

^■y KIBKJllIiESjB ir/fi-^jsaaHIiSi: AHi^b'f 
a: X i: ^ JRis^T V> § . ^'f.gP t «i: 3 2 t' -y b <Z)V N'X ^ >f 
VTtSilSfLS . cr)^mizli 6 fll<7)^ -y K 

*«aS^xTV^-S.. ^>y b'&IEt!)^S3"ci!6cOo-3' U — 

{iKg 1 Oram>0>ii>4 Oramtf Srfieffl-rii <, aif^oA^-if— 

tLrmmmm^^m^z^^-^x^^^. Amti^y^-y 

[0 113] 

[HI] *^Betc«-l.il^iji:«!lJI^>y 

[113] 3|s^BJfc^l.iimSl^:S^-yb'tom-iO 



mmmmcomzim-miTjk^m^mmmmvh s . 
[04] *^H3t:f^sa^ffitfi:3»s^>yb'«om-to 

mmmmcomzmco-mi:^s-tm«^mmmmx-h s . 

[05] *%0JtC«-l.!imffit)LS»^^ -y HcOlg-tfO 
[06] *^BHtcf^ ^ emjgffiJJjS^ -y K (7)^-60 

mmmm(^M^zm(^-m^^-tmmMmmmxh h , 

[07] ^^HJtCfS-l. M^jgKJJjS^ -y KiO^-iO 
[08] *^BJ!(C|^ S JS^SK^S^ -y K O^-tfO 

mmmmc^mzim-m^^-tmmmmmx'h h . 

[09] *^HJ!tcfS§ JSmfiKJJ)*^ ~y K<7)^-0 

[010] *^aHtc h mmmmi^.^ y f toi^- 
<7)mmMm<7)mi>zim-f^\^^^m.«&mmmmTh h . 

[011] *%BJt-^l.iS^ii^S'v-y ¥<^m- 

commmc^>mzmcp>-m^^-tmmmmmmxh h . 
[012] ^%mz\% h mmmrn^"^ y f o^- 

[013] -^wtmz^hmmmiM^^-y Y(r>mzL 

[014] *»afl(.c MMffitnSftS^ 'y F cO^H 

[015] ^m^'iiz^h-m^n^^"/ Fco^^ 

[016] *%BBW^^«MS6iSSS>\-y FcO^Eg 
[017] *^9BtcfS !> Mfl^ffiKSSS^ 'y F <7>^i: 
[018] *%0JtCfSl.il^ffi$|j*^ 'y Fc7)^A 
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[112 0 ] :^wmzi^^mM&mm^^-/ }^cr>m- 7----?^rafi5ij«Ji 

c^mmmmcr>-m^7jk-tmm^mmTh6. 8--mt Ji^ m 

[112 2] *%0St-f^l>emffiijiS&*^>y N'comH 1 2-Tfl:ffiJl 

[024] ±lSm-<7)Mtl5ffit'«SllMffitiS!(S 20 

v:cDi^^m\M^^-t^mmThi><, 2 1 

[02 5] ±iB^rco|IMff^®tcfl^SaMS4n;^S 2 2 

-y V coii^m.mni:^-t¥mmTh 24 

[026] ±Mm^(7)mmmmizmi>mMMtm^ 25 

-y F <7)f^J3g^JIII$r^t-Tffi0T-$> So 4 1 

[02 7] ±ie:m^cDmmmiz^^mn.mmM 42 

[028] :^^wnizi^hmm&mm^ -y k ^isffl 4 4 

[029] ±ISa«lB«im'N -y H Srfffii. Jt^^ffi 4 6 

[03 0] ±iaiiMffitii^^xxA^iit>ifciim 5 1 

tm=yx^M. i^-twm-ch 52 

[03 1] ^wm^tmmi.mi^x^j^cr,s^m 53 

S:^K-rMti0-c-&s, 54 

\.^^(Dmm 1 0 1 

1 -mm ■ a-ftJi ( samit n y^-^)v^^mim^-th 1 0 2 

±mMm<7mim t l < {ia-ftJf^j ) 1 0 e 
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3- --^N'yTil 134 
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